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(57) ABSTRACT 

Techniques for thread-based memory access by a multi 
threaded processor are disclosed. The multithreaded proces 
Sor determines a thread identifier associated with a particular 
processor thread, and utilizes at least a portion of the thread 
identifier to Select a particular portion of an associated 
memory to be accessed by the corresponding processor 
thread. In an illustrative embodiment, a first portion of the 
thread identifier is utilized to select one of a plurality of 
multiple-bank memory elements within the memory, and a 
Second portion of the thread identifier is utilized to Select one 
of a plurality of memory banks within the selected one of the 
multiple-bank memory elements. The first portion may 
comprise one or more most Significant bits of the thread 
identifier, while the Second portion comprises one or more 
least Significant bits of the thread identifier. Advantageously, 
the invention reduces memory access times and power 
consumption, while preventing the Stalling of any processor 
threads. 
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METHOD AND APPARATUS FOR THREAD-BASED 
MEMORY ACCESS IN A MULTITHREADED 

PROCESSOR 

RELATED APPLICATION(S) 
0001. The present invention is related to the inventions 
described in U.S. Patent Applications Attorney Docket No. 
1007-6, entitled “Multithreaded Processor With Efficient 
Processing For Convergence Device Applications,” Attor 
ney Docket No. 1007-7, entitled “Method and Apparatus for 
Register File Port Reduction in a Multithreaded Processor,” 
and Attorney Docket No. 1007-8, entitled “Method and 
Apparatus for Token Triggered Multithreading,” all of which 
are filed concurrently here with and incorporated by refer 
ence herein. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to the field 
of digital data processors, and more particularly to memory 
access techniques for use in a multithreaded processor. 

BACKGROUND OF THE INVENTION 

0.003 Memory is an important aspect of processor 
design. AS is well known, processors are often used in 
conjunction with a memory System that includes a hierarchy 
of different Storage elements. For example, Such a memory 
System may include a backing Store, a main memory and a 
cache memory, as described in, e.g., M. J. Flynn, “Computer 
Architecture: Pipelined and Parallel Processor Design,” 
Jones and Bartlett Publishers, Boston, Mass., 1995, which is 
incorporated by reference herein. 
0004 Memory performance is typically characterized by 
parameterS Such as access time and bandwidth. The acceSS 
time refers to the time between a processor request for a 
particular piece of data from memory and the return of the 
requested data to the processor. The memory bandwidth 
refers to the number of memory access requests that can be 
accommodated by the memory per unit of time. 
0005. A given memory, such as the cache memory or 
main memory in the above-noted illustrative memory Sys 
tem configuration, may be organized in the form of multiple 
banks. Portions of the memory may also be referred to as 
modules. For example, a number of banks may be combined 
into a single memory module, or a number of modules may 
be combined to form one of the banks. Typically, only a 
Subset of the banks of the memory may be active at any 
given time during a memory access. In the Simplest possible 
arrangement, a Single processor makes a request to a single 
memory module. The processor then ceases activity and 
waits for service from the module. When the module 
responds, the processor activity resumes. 
0006 Each memory module has at least two important 
parameters, namely, module access time and module cycle 
time. The module access time is the time required to retrieve 
data into an output memory buffer register given a valid 
address. Module cycle time is the minimum time between 
requests directed at the same module. 
0007. Historically, processors and memory were sepa 
rately packaged. However, with modern integration tech 
niques it is possible to integrate multiple modules and banks 
within a single integrated circuit die along with the proces 
SO. 
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0008. A significant problem with conventional memory 
acceSS techniques is that Such techniques are generally not 
optimized for use with multithreaded processors, that is, 
processors which Support Simultaneous execution of mul 
tiple distinct instruction Sequences or “threads.” For 
example, conventional memory access techniques when 
applied to multithreaded processors often require an exces 
Sive number of read and write ports, which unduly increases 
power consumption. In addition, Such techniques when 
applied to multithreaded processors can result in the Stalling 
of particular processor threads, and increased memory 
access times. 

0009 AS is apparent from the foregoing, a need exists for 
improved memory access techniques for use in conjunction 
with a memory associated with a multithreaded processor. 

SUMMARY OF THE INVENTION 

0010. The present invention provides improved memory 
acceSS techniques for a multithreaded processor. More par 
ticularly, the memory acceSS techniques of the invention in 
an illustrative embodiment thereof provide thread-based 
bank acceSS in a memory associated with a multithreaded 
processor, Such that memory acceSS related Stalling of pro 
ceSSor threads is avoided. 

0011. In accordance with the invention, a multithreaded 
processor determines a thread identifier associated with a 
particular processor thread, and utilizes at least a portion of 
the thread identifier to Select a particular portion of an 
asSociated memory to be accessed by the corresponding 
processor thread. For example, a first portion of the thread 
identifier may be utilized to select one of a plurality of 
multiple-bank memory elements within the memory, and a 
second portion of the thread identifier may be utilized to 
Select one of a plurality of memory banks within the Selected 
one of the multiple-bank memory elements. The first portion 
may comprise one or more most significant bits of the thread 
identifier, while the Second portion comprises one or more 
least significant bits of the thread identifier. 
0012. As a more particular example, each of the multiple 
bank memory elements may include an even memory bank 
and an odd memory bank, with a least Significant bit of the 
Second portion of the thread identifier being utilized to Select 
one of the even memory bank and the odd memory bank for 
acceSS by the corresponding processor thread. 
0013. Other aspects of the invention relate to token 
triggered threading and pipelined instruction processing. For 
example, the multithreaded processor may be configured to 
implement token triggered threading. This type of threading 
utilizes a token to identify, in association with a current 
processor clock cycle, a particular hardware thread unit or 
context that will be permitted to issue an instruction for a 
Subsequent clock cycle. 
0014 Advantageously, the invention significantly 
reduces memory access time and power consumption in a 
multithreaded processor, without any loSS of processor per 
formance. For example, in the illustrative embodiment, two 
read or write memory accesses can be achieved in a Single 
processor cycle using only a single memory port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a block diagram of an example process 
ing System in which the invention is implemented. 
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0016 FIG. 2 is a more detailed block diagram of an 
illustrative embodiment of a multithreaded processor of the 
FIG. 1 processing system. 

0017 FIG. 3 illustrates an example of token triggered 
threading Suitable for use in the multithreaded processor of 
FIG. 2 in accordance with the techniques of the invention. 

0.018 FIG. 4 illustrates the manner in which example 
instruction functions may be pipelined in the FIG. 2 mul 
tithreaded processor in accordance with the techniques of 
the invention. 

0019 FIG. 5 shows a simplified example pipeline with 
multiple contexts of the FIG. 2 processor issuing instruc 
tions on Successive cycles. 

0020 FIG. 6 illustrates a memory access technique 
implemented in the FIG. 2 multithreaded processor in 
accordance with the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021. The present invention will be illustrated herein as 
implemented in a multithreaded processor having associated 
there with a main memory, a multithreaded cache memory, 
and a multithreaded data memory. It should be understood, 
however, that the invention does not require the use of the 
particular multithreaded processor and memory configura 
tions of the illustrative embodiment, and is more generally 
Suitable for use in any multithreaded processor memory 
access application in which it is desirable to provide a 
reduction in the number of required memory ports and thus 
reduced power consumption. 

0022. An example processing system 100 which imple 
ments a memory access technique in accordance with the 
invention will be described in conjunction with FIGS. 1 and 
2. 

0023 FIG. 1 shows the processing system 100 as includ 
ing a multithreaded processor 102 coupled to a main 
memory 104. The multithreaded processor 102 includes a 
multithreaded cache memory 110 and a multithreaded data 
memory 112. 

0024 FIG. 2 shows a more detailed view of one possible 
implementation of the multithreaded processor 102. In this 
embodiment, the multithreaded processor 102 includes the 
multithreaded cache memory 110, the data memory 112, a 
cache controller 114, an instruction decoder 116, a register 
file 118, and a set of arithmetic logic units (ALUs) 120. The 
multithreaded cache memory 110 is also referred to herein as 
a multithreaded cache. 

0.025. It should be noted that the particular arrangements 
shown in FIGS. 1 and 2 are simplified for clarity of 
illustration, and additional or alternative elements not 
explicitly shown may be included, as will be apparent to 
those skilled in the art. 

0026. The multithreaded cache 110 includes a plurality of 
thread caches 110-1, 110-2, ... 110-N, where N generally 
denotes the number of threads supported by the multi 
threaded processor 102. Each thread thus has a correspond 
ing thread cache associated there with in the multithreaded 
cache 110. Similarly, the data memory 112 includes N 
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distinct data memory instances, denoted data memories 
112-1, 112-2, ... 112-N as shown. 

0027 Each of the thread caches in the multithreaded 
cache 110 may comprise a memory array having one or more 
Sets of memory locations. A given thread cache may further 
comprise a thread identifier register for Storing an associated 
thread identifier, as will be described in greater detail below 
in conjunction with FIG. 6. 
0028. The multithreaded cache 110 interfaces with the 
main memory 104 via the cache controller 114. The cache 
controller 114 ensures that the appropriate instructions from 
main memory 104 are loaded into the multithreaded cache 
110. The cache controller 114 in this illustrative embodi 
ment, operating in conjunction with logic circuitry or other 
processing elements associated with the individual thread 
caches 110-1, 110-2, ... 110-N, implements at least a portion 
of an address mapping technique, Such as fully associative 
mapping, direct mapping or Set-associative mapping. Illus 
trative Set-associative mapping techniques Suitable for use in 
conjunction with the present invention are described in U.S. 
patent application Ser. Nos. 10/161,774 and 10/161,874, 
both filed Jun. 4, 2002 and commonly assigned with the 
present application, and both of which are incorporated by 
reference herein. 

0029. In general, the multithreaded cache 110 is used to 
Store instructions to be executed by the multithreaded pro 
cessor 102, while the data memory 112 stores data that is 
operated on by the instructions. Instructions are fetched 
from the multithreaded cache 110 by the instruction decoder 
116 which operates in conjunction with the register file 118 
and the ALUs 120 in controlling the execution of the 
instructions in a conventional manner. The operation of 
multithreaded processor elements such as 116, 118 and 120 
is well-understood in the art, and therefore not described in 
further detail herein. 

0030 The data memory 112 is typically directly con 
nected to the main memory 104, although this connection is 
not explicitly shown in the figure. 
0031) One or more of the memories 104, 110 and 112 
may each be configured So as to include multiple banks or 
other designated portions. By way of example, each bank 
may be viewed as being made up of one or more memory 
modules, or a specified portion of a single memory module. 
0032. The term “memory” as used herein is intended to 
be construed broadly So as to encompass an internal or 
external memory, a cache memory, a data memory, or other 
arrangement of data Storage elements. The invention is not 
limited to any particular memory type, configuration or 
application. It should be noted, however, that memories are 
generally understood in the processor art as being distinct 
from registerS Such as those comprising register file 118 in 
FIG. 2. Techniques for thread-based access to register files 
are described in the above-cited U.S. Patent Application 
Attorney Docket No. 1007-7, entitled “Method and Appa 
ratus for Register File Port Reduction in a Multithreaded 
Processor. 

0033. It should also be emphasized that the present 
invention does not require the particular multithreaded pro 
cessor configuration shown in FIG. 2. The invention can be 
implemented in a wide variety of other multithreaded pro 
ceSSor configurations. 
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0034. A more particular example of multithreaded pro 
cessor of the type shown in FIG. 2 and suitable for use in 
conjunction with the present invention is described in U.S. 
Provisional Application Serial No. 60/341,289, filed Dec. 
20, 2001, which is incorporated by reference herein. An 
illustrative embodiment of a multithreaded processor as 
described in U.S. Provisional Application Serial No. 60/341, 
289 is capable of executing RISC-based control code, digital 
Signal processor (DSP) code, Java code and network pro 
cessing code. The processor includes a single instruction 
multiple data (SIMD) vector unit, a reduction unit, and long 
instruction word (LIW) compounded instruction execution. 
0035) In accordance with one aspect of the invention, a 
memory associated with the multithreaded processor 102 is 
Separated into distinct portions, and a particular one of the 
portions is Selected for acceSS by a given processor thread 
using a corresponding thread identifier. More particularly, in 
the illustrative embodiment, the memory access time and 
power requirements associated with the multithreaded pro 
ceSSor 102 are reduced by banking memory on a per-thread 
basis, without incurring any performance penalty. In addi 
tion, the thread-based banking approach can prevent 
memory access related Stalling of processor threads. 

0.036 The memory configured in this manner may com 
prise, by way of example, one or more of the main memory 
104, the cache memory 110, the data memory 112, or other 
memory contained within or otherwise associated with the 
multithreaded processor 102. An example implementation of 
this memory access technique will be described below in 
conjunction with FIGS. 3, 4, 5 and 6. 

0037. The multithreaded processor 102 may be config 
ured to utilize a threading approach referred to as token 
triggered threading, or other Suitable threading techniques. 

0.038 FIG. 3 shows an example of token triggered 
threading for an implementation of processor 102 in which 
the number of threads N is eight. In general, all of the threads 
operate Simultaneously, and each accesses a corresponding 
instance of the thread cache 110 and data memory 112. As 
shown in FIG. 3, the eight threads are denoted Thread 0, 
Thread 1, Thread 2, ... Thread 7, and are illustrated as being 
Serially interconnected in the form of a ring. In the multi 
threaded processor, a given thread can generally be viewed 
in terms of hardware as well as Software. The particular 
processor hardware associated with a given thread is there 
fore more particularly referred to herein as a hardware thread 
unit or Simply a “context.” 

0039. In accordance with the token triggered threading 
illustrated in FIG. 3, all of the hardware thread units or 
contexts are permitted to Simultaneously execute instruc 
tions, but only one context may issue an instruction in a 
particular clock cycle of the processor. In other words, all 
contexts execute Simultaneously but only one context is 
active on a particular clock cycle. Therefore, if there are a 
total of C contexts it will require C clock cycles to issue an 
instruction from all contexts. Each clock cycle, one of the 
contexts issues an instruction, and the next thread to issue an 
instruction is indicated by a token. In the FIG. 3 example, 
the tokens are arranged in a Sequential or round-robin 
manner, Such that the contexts will issue instructions 
Sequentially. However, tokens indicating the next context to 
issue an instruction may be arranged using other patterns, 
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Such as an alternating even-odd pattern. Also, as noted 
above, other types of threading may be used in conjunction 
with the present invention. 
0040 FIG. 4 illustrates the manner in which example 
instruction functions may be pipelined in the multithreaded 
processor 102 in accordance with the present invention. In 
the illustrative embodiment of the invention, this type of 
pipelining is preferably utilized in conjunction with the 
token triggered threading described previously, but it is to be 
appreciated that numerous other combinations of pipelining 
and threading may be used in implementing the invention. 
0041. The FIG. 4 pipeline is configured for use in con 
junction with the illustrative N=8 token triggered threading 
of FIG. 3. The example instruction functions in FIG. 4 
include Load/Store (Ld/St), ALU, integer multiplication 
(I Mul) and vector multiplication (V Mul), and are shown 
as having nine, Six, Seven and eight pipeline Stages, respec 
tively. 
0042 Each of the example instruction pipelines illus 
trated in FIG. 4 includes at least an instruction decode Stage, 
a register file (RF) read stage, a transfer (Xfer) stage and a 
writeback (WB) stage. The RF read stage involves reading 
from a register file, e.g., the register file 118, the transfer 
Stage typically involves transferring instruction results to a 
designated holding register, and the WB Stage involves 
Writing instruction results back to memory or a register file. 
0043. The Ld/St pipeline further includes an address 
generation (Agen) stage, an internal (Int) or external (Ext) 
determination stage, and three additional memory execute 
stages, denoted Memo, Mem1 and Mem2. The Ld/St pipe 
line thus includes a total of four memory execute Stages, that 
is, Memo), Meml, Mem2 and WB. The internal or external 
determination Stage determines if the associated memory 
acceSS is to an internal or an external memory, and may be 
Viewed as an additional decode Stage within the pipeline. It 
should be noted that additional memory execute Stages may 
be required for certain external memory accesses. For 
example, if the WB Stage of an external memory acceSS does 
not complete during the period of time for which the 
corresponding thread is active, the thread may be Stalled 
such that the WB stage will complete the next time the 
thread is active. 

0044) The ALU pipeline further includes two execution 
Stages denoted Exec1 and Exec2. 
004.5 The integer I Mul pipeline further includes three 
execution Stages denoted Exec1, Exec2 and Exec3. 
0046) The vector V Mul pipeline further includes two 
multiplication stages MPY1 and MPY2, and two addition 
Stages Add1 and Add2. 
0047 The multithreaded processor 102 is preferably con 
figured Such that once an instruction from a particular 
context enters its corresponding pipeline, it runs to comple 
tion. 

0048 FIG. 5 shows a simplified example set of pipelined 
instructions with multiple contexts of the multithreaded 
processor 102 issuing instructions on Successive cycles. In 
this example, it is assumed for Simplicity and clarity of 
illustration that the issued instructions each include the same 
four pipeline Stages, denoted instruction fetch (IF), read 
(RD), execute (EX) and writeback (WB). It is further 
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assumed that there are three threads, and thus three contexts 
issuing instructions in a Sequential manner Similar to that 
described in conjunction with FIG. 3. An integer add 
instruction addi ro, r2, 8 is initially issued by a first one of 
the contexts on a first clock cycle. The other two contexts 
issue instructions on respective Subsequent clock cycles. It 
takes a total of three clock cycles for each of the contexts to 
issue an instruction. On a fourth clock cycle, the first context 
issues another instruction, namely an integer multiplication 
instruction muli r8, rO, 4. 

0049. The FIG.5 example serves to illustrate that with an 
appropriately-configured pipeline and a Sufficient number of 
threads, all hardware contexts may be executing concur 
rently even though there is only a single instruction issued 
per context per cycle. AS indicated previously, the particular 
number of threads and pipeline Stages are purposes of 
illustration only, and not intended to reflect a preferred 
implementation. Those skilled in the art will be readily able 
to determine an appropriate number of threads and pipeline 
Stages for a particular application given the teachings pro 
vided herein. 

0050. As noted above, the present invention in accor 
dance with one aspect thereof provides an improved 
memory acceSS technique for use by the multithreaded 
processor 102. 
0051 Generally, this improved memory access technique 
involves determining a thread identifier associated with a 
particular thread of the multithreaded processor, and utiliz 
ing at least a portion of the thread identifier to select a 
particular portion of the memory to be accessed by the 
corresponding processor thread. 

0.052 More particularly, in an illustrative arrangement in 
which a memory to be accessed by the multithreaded 
processor is configured into a number of distinct memory 
elements each having multiple memory banks, a first portion 
of the thread identifier may be used to select one of the 
distinct memory elements within the memory, and a Second 
portion of the thread identifier may be used to select one of 
the memory banks within the selected one of the memory 
elements. 

0053) The first portion of the thread identifier used to 
Select one of the multiple-bank memory elements may 
comprise one or more most Significant bits of the thread 
identifier, while the second portion of the thread identifier 
used to Select one of the banks within a Selected multiple 
bank memory element may comprise one or more least 
significant bits of the thread identifier. 
0054 FIG. 6 illustrates one possible embodiment of the 
above-described memory acceSS technique, implementable 
in the FIG. 1 processing system utilizing the multithreaded 
processor 102. It is assumed for this example that the 
number of processor threads N in the multithreaded proces 
Sor 102 is eight. FIG. 6 shows a memory 600 comprising 
four multiple-bank memory elements denoted M0, M1, M2 
and M3. The memory 600 may correspond to the main 
memory 104, the cache memory 110, the data memory 112, 
or another memory associated with the multithreaded pro 
cessor 102. Each of the multiple-bank memory elements 
M0, M1, M2 and M3 includes a pair of memory banks 
denoted B0 and B1, also referred to herein as an even 
memory bank and an odd memory bank, respectively. 

Apr. 15, 2004 

0055) A thread identifier (TID) register 602 stores a 
thread identifier having a first portion 604 and a second 
portion 606. In this example, where N=8 as previously 
noted, the thread identifier is a three-bit identifier. The first 
portion 604 of the thread identifier comprises the two most 
significant bits of the three-bit identifier, and is utilized to 
Select a particular one of the four multiple-bank memory 
elements M0, M1, M2 and M3. The selection circuitry 
utilized to Select a particular one of the multiple-bank 
memory elements is not explicitly shown in FIG. 6, but can 
be implemented in a Straightforward manner, as will be 
appreciated by those skilled in the art. The Second portion 
606 of the thread identifier comprises the least significant bit 
of the three-bit identifier, and is applied as a Select Signal to 
selection circuitry 610 to select one of the banks B0 or B1 
for use in conjunction with a particular memory access. 
0056. The diagram in FIG. 6 illustrates a read access, in 
which information is read from a selected one of the banks 
B0 and B1. However, this is by way of example only, and the 
invention can also be used for write accesses. 

0057. In the FIG. 6 embodiment, a given multiple-bank 
memory element M0, M1, M2 or M3 need have only a single 
memory port for read and write accesses. For example, the 
present invention makes it possible to read from each of the 
multiple-bank elements every cycle by alternating between 
the even and odd banks. As a result, a Single memory port 
can function as if it in effect contained multiple ports. More 
Specifically, two read or write memory accesses may be 
achieved per processor clock cycle with only a single 
memory port per multiple-bank memory element. This 
arrangement can be used to decrease memory access time, 
and reduce power consumption, while also avoiding proces 
Sor thread Stalls due to memory access issues. 
0058 Numerous alternative configurations of multiple 
bank memory elements and memory banks are possible 
using the techniques of the invention. For example, one 
possible alternative configuration is to have two multiple 
bank memory elements, each with four memory banks, in 
which case one bit of the thread identifier is used to select 
the multiple-bank memory element and two bits of the 
thread identifier are used to Select one of the four memory 
banks within the Selected multiple-bank memory element. 
More generally, if the number of multiple-bank memory 
elements is given by M, and B is the number of memory 
banks per multiple-bank memory element, the memory may 
be configured such that the product of M and B is equal to 
N, that is, N=MB. Other arrangements are also possible. 
Furthermore, it should also be noted that each multiple-bank 
memory element need not have the same number of memory 
bankS. 

0059) The thread identifier register 602 and the associated 
Selection circuitry may be implemented as elements of the 
multithreaded processor 102. For example, in an embodi 
ment of the invention in which the memory 600 corresponds 
to the cache memory 110, these elements may be imple 
mented in whole or in part in the cache controller 114, or in 
another portion of the multithreaded processor 102. 
0060. The thread identifier register 602 stores a multi-bit 
thread identifier that is used by the multithreaded processor 
102 to identify a particular thread. Such thread identifiers 
may be generated in a conventional manner, as will be 
apparent to those skilled in the art. 
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0061 The term “thread identifier” as used herein is 
intended to include any information Suitable for identifying 
a particular thread or a set of multiple threads in a multi 
threaded processor. By way of example and without limita 
tion, the thread identifier may correspond to the output of a 
thread counter in a multithreaded processor. More particu 
larly, a given multithreaded processor may be configured 
Such that multiple threads are processed in a predetermined 
order, Such as a round robin order, with the thread counter 
output being used to identify the particular thread being 
executed. In Such an embodiment, there may be a total of 
eight threads that are processed in round robin order, with 
each thread being identified by a three-bit identifier, such 
that the output of a three-bit counter can be used to identify 
the particular thread being processed. Other embodiments 
may use a noncounter implementation of the thread identi 
fier. A wide variety of different thread identifier configura 
tions suitable for use with the present invention will be 
readily apparent to those skilled in the art. 
0062) The memory access technique as illustrated in 
FIG. 6 utilizes a single bit of the thread identifier to select 
an even or odd memory bank to be accessed by the corre 
sponding processor thread. It is possible, however, to use in 
least Significant bits of the thread identifier to Select one of 
2" memory banks of a given multiple-bank memory element. 
Similarly, one may use m most significant bits of the thread 
identifier to select one of 2" multiple-bank memory ele 
ments in a given memory associated with the multithreaded 
processor. 

0.063 AS indicated above, the thread-based memory 
access techniques of the present invention provide signifi 
cant improvements relative to conventional techniques. For 
example, the techniques can improve memory access time. 
Also, the techniques can Substantially reduce the number of 
required memory ports, thereby reducing power consump 
tion. Moreover, these improvements are provided without 
impacting processor performance. 

0064. The above-described embodiments of the invention 
are intended to be illustrative only, and numerous alternative 
embodiments within the Scope of the appended claims will 
be apparent to those skilled in the art. For example, as 
indicated previously, a given multiple-bank memory ele 
ment can be divided into more than just an even bank and an 
oddbank as in FIG. 6, that is, it can be divided into n distinct 
portions, with an appropriate increase in the number of 
thread identifier bits used to select a given bank from within 
a given multiple-bank memory element. AS another 
example, the particular Selection circuitry arrangements 
used to implement the Selection proceSS can be replaced with 
alternative arrangements. Moreover, multithreaded proces 
Sor configuration, the number of threads, number of mul 
tiple-bank memory elements, number of banks per memory 
element, thread identifier configuration and other parameters 
of the illustrative embodiments can be varied to accommo 
date the Specific needs of a given application. 
What is claimed is: 

1. A method for accessing a memory associated with a 
multithreaded processor, the method comprising the Steps 
of: 

determining a thread identifier associated with a particular 
thread of the multithreaded processor, and 

utilizing at least a portion of the thread identifier to Select 
a particular portion of the memory to be accessed by the 
corresponding processor thread. 
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2. The method of claim 1 wherein the utilizing step further 
comprises the Steps of utilizing a first portion of the thread 
identifier to Select one of a plurality of multiple-bank 
memory elements within the memory and utilizing a Second 
portion of the thread identifier to select one of a plurality of 
memory banks within the selected one of the multiple-bank 
memory elements. 

3. The method of claim 2 wherein the first portion 
comprises one or more most significant bits of the thread 
identifier. 

4. The method of claim 2 wherein the second portion 
comprises one or more least Significant bits of the thread 
identifier. 

5. The method of claim 2 wherein each of the multiple 
bank memory elements includes an even memory bank and 
an odd memory bank, and a least Significant bit of the Second 
portion is utilized to Select one of the even memory bank and 
the odd memory bank for access by the corresponding 
processor thread. 

6. The method of claim 1 wherein the memory comprises 
a main memory coupled to the multithreaded processor. 

7. The method of claim 1 wherein the memory comprises 
a data memory of the multithreaded processor. 

8. The method of claim 1 wherein the memory comprises 
a cache memory of the multithreaded processor. 

9. The method of claim 8 wherein the cache memory 
comprises a plurality of thread caches, at least a given one 
of the thread caches comprising a memory array having one 
or more Sets of memory locations. 

10. The method of claim 9 wherein the given thread cache 
further comprises a thread identifier register for Storing the 
thread identifier. 

11. The method of claim 1 wherein the multithreaded 
processor is configured to utilize token triggered threading. 

12. The method of claim 11 wherein the token triggered 
threading utilizes a token to identify in association with a 
current processor clock cycle a particular context that will be 
permitted to issue an instruction for a Subsequent clock 
cycle. 

13. The method of claim 1 wherein the multithreaded 
processor is configured for pipelined instruction processing. 

14. A processor System comprising: 

a multithreaded processor, and 
a memory associated with the multithreaded processor; 
the multithreaded processor being operative to determine 

a thread identifier associated with a particular thread of 
the multithreaded processor, and to utilize at least a 
portion of the thread identifier to Select a particular 
portion of the memory to be accessed by the corre 
sponding processor thread. 

15. An article of manufacture comprising a machine 
readable Storage medium having embodied thereon program 
code for use in accessing a memory associated with a 
multithreaded processor, wherein the program code when 
executed by the processor implements the Steps of: 

determining a thread identifier associated with a particular 
thread of the multithreaded processor, and 

utilizing at least a portion of the thread identifier to Select 
a particular portion of the memory to be accessed by the 
corresponding processor thread. 


